ach year. fire kills more Americans than all other natural disasters combined including floods, hurricanes, tornadoes, and earthquakes. Fire is the third leading cause of accidental home deaths. The total annual cost to the American public from fires is almost $30 billion (White. 1999) . In spite of these statistics, there have been tremendous achievements in reducing deaths from fire-primarily through the institution of building, fire, and life safety codes; public and employee education; and effective fire prevention planning. Fire safety is of paramount importance for everyone.
Occupational health nurses may-be the sole safety, health, and environmental professional in many workplaces. As a result, their scope of practice is broad and the responsibility of emergency planning falls within their purview. In other workplace settings, occupational health nurses are members of their company's disaster planning team and participate in organizing evacuation drills.
To assist occupational health nurses in both of these safety related roles, this article identifies the Three Rs of fire safety, emergency action, and fire prevention plans: rules, responsibilities, and resources. It provides time tested best practices for formulating a comprehensive fire safety plan. With this knowledge, occupational health nurses are able to: • Locate resources for building and fire code requirements. • Recall the five categories of applicable safety standards. • Outline the requirements for an emergency action and fire prevention plan.
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• Discuss employer responsibilities for fire prevention. • Describe at least three best practices for formulating an emergency action and fire prevention plan.
RULES
Building snd FI" Sst,,, Cod" Myriad building and fire safety codes, regulations, and standards exist. A building code sets forth minimum requirements for design and construction of buildings and structures. Building codes address structural stability, fire resistance, means of egress, light, sanitation, ventilation, and interior finish. A fire code details how to maintain and operate the building. The National Electrical Code, NFPA 70, is an integral part of the National Fire Code (Early, 1996) . Several standards organizations develop and maintain model building and fire codes (Table 1) . Having so many codes can be very confusing. For example, the semiconductor industry is identified as an "H·S" occupancy in section 415.9 of the International Building Code and in Chapter 18 in the International Fire Code. However, it is classified under hazardous process manufacturing in the National Building Code and Southern Building Code. fortunately, these organizations are actively working to merge these three codes into one fire code (McLaughlin, 2000) .
Building and fire safety codes are legally recognized only when adopted by state and local jurisdictions. Additionally, state and local authorities can write their own codes. State and local tire marshals. fire chiefs, and local building inspectors are responsible for fire and building code enforcement (Cote, 1998) . As a result, rules related to fire safety are often the result of tragedy. In many cases, new rules emerge to form the cornerstones of general building, fire, and life safety. rules and regulations. It is 25. 1911 there was a fire in the cutting room on the eighth floor. Fed by thousands of pounds of fabric. the fire spread rapidly. Panicked workers rushed to the stairs and freight elevator. The exit doors were locked for security reasons. The rear fire escape collapsed. The fire department arrived quickly, but the ladder truck extended only to the sixth floor. Their life nets broke when panicked workers jumped in groups of three and four ("141 men and girls die in waist factory fire:' 1911). Although the fire lasted only 20 minutes, 149workers died in the infer-.no and more than 50 jumped to their deaths from open windows. This fire ranks as the deadliest manufacturing facility fire in U.S. history (Cote, 1998) .
As a result of this tragedy. the city established the Bureau of Fire Investigation and gave the fire department additional powers to improve factory safety. Changes to city ordinances included: • Rules related to handling and storage of flammable materials.
• Housekeeping requirements to prevent accumulations of dust or lint. • A means of egress. • Building sprinkler systems.
LIf, SIf,,, Cod'
Specification or prescriptive codes detail materials, building size. and composition. The National Fire Protection Agency's NFPA 101: Life Safety Code is such a code and addresses construction, protection. and occu-170 pancy features necessary to minimize danger to life from fire including smoke. fumes. and panic (Cote, 1998) .
Early on the morning of November 28. 1942. the Coconut Grove Nightclub in Boston's midtown theater district was packed with more than 750 customers. The building was a convertedtwo story garage.A few minutes before the 10 p.m. floorshow, a busboy who was standing on a chair to replace a light bulb lit a match so he could see better. The match touched an artificial palm tree and. in a matter of seconds. the nightclub was ablaze. The c1ub's only entrance was a revolving door, and the other door nearby was locked.With clothing and hair on fire. the customers pushed. shoved. fell, and trampled each other.The fire was extinguished within an hour.but firefighters found the door blocked by bodies piled 6 feet deep (Gavin, 1942) . Four hundredeighty four people died in the flames, smoke. and panic. The community was devastated by the loss of so many. This fire is the sixth deadliest fire in U.S. history (Keith. 1999 The Life Safety Code prescribes building features to assist with the safe movement of people in an emergency and as an added benefit. increases safety during normal building use (Cote, 1998) . A few examples: • For a new assembly occupancy,the minimum width of any exit access corridor serving 50 or more individuals shall be 44 inches (l12 em) (Cote. 1998) . • The dimensions of a step in a staircase should not exceed 17 inches total. The safest numerical combination is a riser of 7 inches and a tread of II inches. This feature allows someone to descend and ascend stairs quickly and easily without tripping or falling, whether it is an emergency or not (Cote, 1998) .
• Every emergency exit sign shall be suitably illuminated by a reliable light source of no less than 5 foot candles (Cote, 1998) . All of these codes delineate industry and process specific requirements. Rules differ for new construction versus existing buildings and spaces. There are different rules for each type of building occupancy (e.g., places of assembly, schools, health care facilities).
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At 2:30 p.m. on December I, 1958, students at Our Lady of the Angels School in Chicago were waiting for the bell to signal the end of the school day. A fire that started in the basement stairwell burned undetected for at least 20 minutes. The fire spread into the stairwells and the second floor corridor. Hot air and gases filled an open shaft in the wall and ascended two stories, filling the space above the second floor ceiling. There, the superheated air sparked an inferno, making the hallways impassable. Inside the classrooms, light fixtures and windows exploded and fire broke through the ceiling. The students and nuns were trapped. Confusion at the scene misdirected the fire department to the church, not the school. The fire was brought under control at 3:45 p.m. Ninety-three students and nuns died (Keith, 1999) .
The Mayor of Chicago appointed a panel to investigate. The resulting changes were among the most effective changes ever made to the municipal building and fire safety codes, specifically to schools (Cowan, 1996) :
• Enclose all stairwells with fireproof construction and provide fire doors leading into them. • Provide fire doors at all corridors and room partition openings.
• Require automatic fire sprinkler systems in all schools.
• Provide approved automatic internal fire alarm systems linking directly to the fire department. • Keep fire doors closed.
Building, fire, and life safety codes have made an impact in reducing fire related fatalities by more than 50% in 50 years (Keith, 1999) . detection permits effective intervention before fire becomes too severe. This includes establishing a fire watch for hot work (e.g., welding) operations. Employee evacuation emphasizes efficiency in moving occupants to safe locations by establishing exit routes and evacuation checkpoints (see Map 1). Automatic and manual fire suppression systems delineate specific inspection, testing, and maintenance requirements for all fire related equipment and systems. Emergency response requires internal and external strategies for response and control of emergencies. The first two examples are from the Means of Egress standard and the other is from the standard addressing portable fire extinguishers:
OSHA Firs Safsly R,lat,dStllndllrd,
• When more than one exit is required from a story, at least two of the exits shall be remote from each other and so arranged as to minimize any possibility that both may be blocked by anyone fire or other emergency condition (29CFR1910.37[e]). • The minimum width of any exit access should not be less than 28 inches. Wider access is required under certain circumstances (29CFR191O.37[c]). • The employer shall distribute portable fire extinguishers for use by employees on Class A fires (paper, etc.) so the travel distance for employees to any extinguisher is 75 feet (22.9m) or less (29CFRI91O.157 [d] [2]).
EmBrgBncy Action and FI" P"IIBntlon Plans
The OSHA's 29CFRl91O Subpart L, Appendix A (nonmandatory) provides solid groundwork for a model fire safety program (OSHA, 1999) . Appendix B lists the national consensus standards discussed previously in this article. According to OSHA 29CFRI91O.38, "An emergency action and fire prevention plan shall be in writing and shall cover those designated actions employers and employees must take to ensure employee safety from fire APRIL 2003. VOL. 51. NO.4 and other emergencies." Besides planning for fire, other emergencies to include in the plan are toxic chemical releases, natural disasters (e.g., tornadoes, floods), and manmade disasters (e.g., workplace violence, terrorism, weapons of mass destruction).
Standards requiring emergency action plans and fire prevention plans are listed in Table 3 . The required elements of both the emergency action and fire prevention plans are listed in Table 4 . For example, the Hazardous Waste Operations and Emergency Response (HAZWOP· ER) standard 29CFR191O.120 has its own requirements for employee evacuation and emergency response under sections (I), (p)(8)(i), or (q) as applicable to certain facilities and site operations.
On July 9, 2002, OSHA published instructions on a consolidated compliance policy for the application of 29CFR191O.38: emergency action and fire prevention plans (OSHA Compliance Directive CPL 2-l.037). Under this directive, the standard's requirements apply only when such plans are mandated by another OSHA standard (Table 3) . Therefore, OSHA cites noncompliance with elements of 29CFR191O.38 under the other standards only. Finally, the directive summarizes options available to an employer related to workplace policies for employee evacuations and fire extinguisher use (29CFR191O.l57). These decisions affect how OSHA compliance officers conduct a workplace inspection and cite deficiencies of 29CFR191O.38 under 29CFR191O.157. ' 
RESPONSIBILITIES
Employers are responsible for the health and safety of their employees. At a minimum, employers should comply with all safety and health regulations. When employers ignore these fire safety rules, codes, and standards, history repeats itself.
In 1991, at the Imperial Chicken processing plant (Hamlet, NC), 25 employees died and another 54 were injured when vapors from a leak in a hydraulic system ignited a 26 foot long cooker filled with 400°F oil. No sprinklers were found in the building. Some exit doors were padlocked by management to prevent vandalism and theft. Emergency exits were blocked by employees' cars parked too close to allow the doors to open outward. More than 100 emergency response and medical personnel were dispatched to the scene to assist with the search and rescue efforts. "It's hard to believe in today's day and age that any business owner or manager would be so insensitive to fire safety as to allow this sort of incident to happen," said emergency response expert Clark Staten (Emergency Response and Research Institute, 1991) .
The plant owner served 4Y2 years of a 20 year prison sentence for involuntary manslaughter. Although the company was never inspected prior to the fire, the plant was subsequently cited for 83 safety violations. The plant has never reopened.
An employer's responsibility for installing, testing, inspecting, and maintaining fire safety related equipment is extensive. There are daily, weekly, and monthly inspections; quarterly testing; and even periodic hydrostatic testing for portable fire extinguishers. The responsible employer should pre-schedule periodic maintenance by the calendar. Most companies contract with the appropriate vendor for both routine maintenance and emergency malfunctions. A notification of intent must be reported to the local tire department and the fire alarm company for any work on the tire system disrupting tire detection or tire suppression capabilities. Return to normal requires a second call. Extended outages must be reported to the property insurer as well.
174
Step Many different types of fire detection equipment are available including smoke detectors, high sensitivity smoke detectors, optical flame detectors, and heat detectors. A fire alarm system has visual and auditory indicators and a master tire panel (Photo 1.) Fire suppression equipment includes portable fire extinguishers (Photo 2)
Step 1: Data Collection Site Survey (Continued)
Emergency Related Systems
• Emergency communications (Include cell phones). Ideally, the telephone system and all the phones work during apower outage. If not, contingency plans should be developed. • Emergency lighting locations and type: battery, generator powered, orchemical.
Emergency Power
• Generator capacity (kilowatts) and location. • Identify critical life safety related equipment needing emergency power.
Emergency Exit Locations
• Exits from the building and work areas: They must be unlocked and unblocked. • Designate exit doors inside the buildirlg. Risers and lanes. Risers and zones provide multiple floor buildings with higher water pressure (static) to the sprinklers. Once activated, sprinkler systems can be turned off or Isolated ONLY by authorized personnel with the permission ofthe Fire Chief or Fire Incident Commander (see Photo 4). Extinguishing systems (types and locations). The type offire extinguishing system must be appropriate for the fire hazard class (wet, dry, foam, gas)
Fire Detection Systems

Fire Suppression Systems
Manual Fire Suppression Systems
• Class II fire hose and cabinet storage locations (see Photo 3). • Portable fire extinguishers: types, sizes and locations (see Photo 2). The type offire extinguisher must be appropriate for the fire hazard class. 
First AId and Emergency Response Equipment
Review of Process and Facility Equipment and Operations
• Identify and locate all heat producing equipment Including onslte cafeteria services.
• Identify, list, and locate chemical storage: Fire rating of storage construction. Note proper handling offlammable and combustible materials, such as bonding and grounding of metal containers. • Identify all ignition and heat sources such as hot work (e.g., welding) operations. Be sure tonote equipment with over-temperature controls.
• Locate onsite storage of hazardous waste materials and residues from process operations as well as municipal trash or garbage compactors and storage of wooden pallets.
Photo 6. Firedepartment connectIon.
and Class II fire hoses (Photo 3) for employee use; automatic fire extinguishing systems. such as risers. sprinklers. and zones (Photo4); and various types of fire suppression media (e.g., water, foam. gas). Selection and choice of fire suppression equipment is dependent on specific onsite processes and products. Often, the property insurer dictates additional requirements, especially for hazardous process manufacturing. The semiconductor industry uses a corrosive etch bath called "piranha etch;' a mixture of sulfuric acid and hydrogen peroxide heated to 125 0 C. These baths have been known to overheat and start fires in the wet station. Because this operation is inside a cleanroom environment, fire wouldcause massive productcontaminationan exceptionally expensive problem. To limit damage if a flre occurs in a wet station, companies install optical flame detectors and a mist sprinkler system inside the mini environments of the wet stations. Additionally. all heat producing facilities and process related equipment must have over-temperature controls and interlocks. and be part of a preventative maintenance program.
Documentation and records retention are critically important. It is crucial to keepallcalibration and inspection records together. To avoid confusion, the nurse can assign numbers to all fire related equipment. An example is assigning and labeling each portable fire extinguisher with a (sequential) number. The fire extinguisher's location can be labeled with the samenumber as the fire extinguisher.
The next step is to keep a list of all the fire extinguishers by assigned number, location. serial number. and next hydrostatic test date. Thus, when it is time for a particular fire extinguisher to be sent out for hydrostatic testing, it can be easily located. If the fire extinguisher needs to be recharged. it can be returned to its proper location easily (Photo 2). While it may seem laborious at first, this efficiency saves time and aggravation in the long term.
RESOURCES
The best resource available to employers for emergencyplanning is the local firedepartment. The fire chief and fire marshal shouldreview the company'semergency nction and fire prevention plan. The nurse can call them 176 Photo 8. Post-Indicator valves.
with any questions about fire codesand life safety codes. Site orientation is vitally important. This can be accomplishedby inviting alI the firefighters for a detailed building and operations tour.
On December 4, 1999in an abandoned cold storage and warehouse building in Worcester, two homeless individuals started a fire with an overturned candle. The small candlesized fire quickly turned into a raging inferno with flames shooting more than 100 feet into the air and billowing toxic smoke. Fire officials were concerned that homeless adults might be trapped inside.
Two firefighters went into the building. They were met with extreme heat and oppressive smoke. An urgent evacuation orderwas sounded. butthe twofirefighters who had entered the building did not comeout. Fouradditional firefighters wentinside to search for them. The smoke was impenetrable. Theywere unable to see the stairwells. They became trapped as welI. AlI six firefighters died. Two homeless individuals escaped the building easily. but never told anyone they were safe. They were later arraigned on arsoncharges (Canty, 1999) .
This incident highlights two critically important lessons. The time to meet the local fire department is not when the building is on fire. This unfamiliarity can be fatal for the firefighters. Second, when educating employees and orienting contractors. subcontractors. and visitors. the nurse can emphasize to employees the importance of reporting to the fire department when they are safely out of the structure.'If there is any doubt whether a person is still in the building. firefighters will risk their livesto savethem. For a betterunderstanding of community resources and emergency response planning, the occupational health nurse may want to join the local emergency planning committee, even if the company is not required to participate under HAZWOPER (29CFR 191 0.120).
The second best resource is the company's property insurer (i.e., the broker or insurance carrier insuring the building and property, as welI as business interruptions). In manycases. theyhavestaffor consulting professionals such as Professional Engineer. Certified Safety Professional, Certified Fire Protection Specialist. or Certified Fire Plan Examiner L Often, the insurance company
Step 2: Emergency Planning Polley Decisions
Questions to Help Formulated Polley and Procedures
• Who will be Emergency Plan Administrator?
A safety, health, and environmental professional is an ideal choice. The plant manager isanother good choice. Inany case, the Emergency Plan Administrator must have decision making authority.
• How will people report emergencies?
• Will this procedure be the same forall locations? Different forvarious types ofemergencies? If yes, differentiate here.
• How will the company notify people of emergencies?
• How does the company notify the fire department?
• How does the company know when someone calls the fire department? Isthere an emergency telephone extension for employees to call first? Isthere someone to answer the emergency phone all the time during company operations?
• What happens when the building is empty? Is it ever empty?
• Does the fire department need access to the building via a lock box (this lock box contains a key to the building)? Where Is it located?
• Where is the Emergency Command Center location? Identify primary location at master fire panel and designate a secondary location as well.
• Which routes will be designated as fire and ambulance lanes? Most likely, the fire department will respond to locations of fire hydrants, fire panel and lock box (See Map 2).
• Who will be responsible forthe following functions? 
BEST PRACTICES FOR FORMULATING AN EMERGENCY EVACUATION AND FIRE SAFETY PLAN
It takes considerable effort to develop an emergency and fire safety plan. Three major steps to the planning process include data collection, policy decisions. and procedures. The following guide is based on best practices and the author's experience. Terms are defined and notations are included for clarification.
SISp 1: Ths 0.,. ColIsct/on Proc8Ss
To begin the planning process. the nurse can conduct a detailed physical survey and prepare site maps. Notations should describe and detail the systems' operations. When maps such as these are included in the plan, they serve as a quick reference. Facilities, process engineers, and maintenance personnel should be included in the process. Blueprints of the building and related systems are usually kept onsite. The nurse can use these blueprints as the foundation for each map. This is particularly important if the company docs not own the building or property.
If there are other companies in the same building or development. compiling this information becomes even more valuable. Any emergency situation at neighboring sites affects everyone. If computer-aided design engineering is available, an automatic updating process can be developed so emergency plan site maps are updated when building blueprints are updated. The Sidebar starting on page 174 describes a list of items to include in emergency and fire safety plans (Keith, 1999) .
SIBP 2: ThB Policy OBc/s/ons
After compiling all the site maps and systems details, the next step in the planning process is to decide policy. It is helpful to start with policies and procedures for fire emergencies then expand to include natural disasters and manmade emergencies. Whenever possible, it is a good idea to keep it consistent and simple. For example, the Emergency Command Center usually is located at the master fire panel because the fire department responds first to this location. However. what happens if the designated location is "ground zero?" One solution is to pre-select a secondary location for the Emergency' Command Center and include it in the plan. The questions in the Sidebar on page 177 can be used to help formulate policy on which procedures can be subsequently written.
StBP 3: ThB ProcBdufBS and thB Pract/cB
After these policy decisions are made, it is time to write procedures. post signs, train employees. and conduct practice drills. The Sidebar on page 179 includes a few more points to remember when implementing and evaluating an emergency action plan.
SUMMARY
Fire safety is of paramount importance for everyone. In many workplaces, the occupational health nurse's scope of practice encompasses safety related activities. Included within this role is the responsibility for fire safety. emergency action, and fire prevention planning. The Three Rs of fire safety. emergency action. and fire prevention plans are ! i _ ----"·1 Include the street address and specific internal location as well. Capture these locations on a site map for reference.
• Post maps showing primary and secondary evacuation routes from building, area, and room.
• Evaluate locations for employee evacuation checkpoints for potential hazards such as traffic and lighting. Use the buddy system foremployees with special needs.
• Write the procedure for reporting post evacuation status.
• Train employees, visitors, and contractors in emergency response procedures.
• After each drill, conduct acritique on the event and include everyone In the discussion. Learn from experience and improve the system each time.
Remember towork closely with the local fire department.
rules, responsibilities, and resources. Myriad building and fire safety codes, regulations. and standards exist with which an employer must comply. An employer's responsibility for installing, testing, inspecting, and maintaining fire safety related equipment is extensive. Emergency action and fire prevention planning begins with conducting a detailed physical survey and preparing site maps. It includes making key policy decisions, writing procedures, and training employees in those procedures by practicing and executing site drills. The best resources available for emergency planning are the local fire department and the property insurer. Planning ahead means an efficient emergency response if disaster strikes. It saves lives, limits property damage, and preserves the environment.
